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Field of the Invention 

.He invention provides -^;-;-/;f„ran: iTennenta.ion 
eorvnebaoterla codin, '°^J^i;ZZ Z^^, .sin, bacteria 
prooess for the preparation of 
In which the endogeny pknB gene « a.«pl^*-d- 

State of the Art 

..^ino acids, especiaiXv ^^^^^^^t 
medicine, in the Pha-c-t-a^ .ndus^ 

industry and very especially i 

=^-irfs are prepared by the 

» is ^=«n ^"f ^^j:3^:rco;;eLc'teria, especially 

fermentation of strains or * tl^eir great 

corynebacterium ^lutamicu^. Becau 

i^ortance, atte«>ts -"^^^^f^^^^.^,, ,o the processes, 

the preparative processes. I»pr ^^^^^ation 

- «-te to ---are: Lpply, or the 

technology, e.g. stirrmy « a the sugar 

composition of the -t-rient medxa, e g. 

concentration during ^^-en^^^^^^^^^^ :Lo.atography, or the 
product form, e.g. by ^^^^3 the microorganism 

intrinsic productivity characteris 



itself . 



^o^-Lstics of these microorganisms 

regulation, and produce amino acids. 

for some years to iii?>rove . ..^.Hual amino acid 

production. 
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Object of the Invention 

The object which the inventors set themselves was to 
provide novel measures for improving the preparation of 
amino acids by fermentation. 

Siimmary of the Invention 

L-amino acids or a^no acids are mentioned "e^after, 

^ey are understood as meaning one or more am.no -"^s 
including their salts, selected from the group compr.s.ng 
wsparagine, L-threonine, 1,-serine, L-glutainate, L 
glycine! L-alanine, L-cysteine, L-valine, L-methxon.ne, L- 
Isolerdne. .-leucine, .-tyrosine, .-phenylalanxne, L 
histidine, L-lysine, L-tryptophan and L-argin.ne. 
Lysine is particularly preferred. 

When .-lysine or lysine is mentioned "e"-*"-^ 
understood as meaning not only the """^""^ f 
salts, e.g. lysine monohydrochloride or lysine sulfate. 

The invention provides an isolated polynucleotide from 
To-^acteria »hich contains a 

coding for the pknB gene and is selectea 

comprising: 

Vc= ^i- least 70% identical to a 
^\ a oolvnucleotide whxch is at xeasT^ /u 

' ;ory^rcleotide coding for a polypeptide contaxn.ng the 
amino acid sequence of SEQ ID No. 2, 

a polynucleotide coding -^-f^ 
amino acid sequence whxch is at least 
the amino acid sequence of SEQ ID No. 2, 

a polynucleotide which is complementary to the 
polynucleotides of a) or b) , and 

a polynucleotide containing at least 15 -ns-utive^ 
nucleotides of the polynucleotide sequence of a) . b) 

c) , 



b) 



c) 
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the polypeptide preferably having the activity of protein 

kinase B. 

The invention also provides the 

polynucleotide, which is preferably a replicatable DNA 

containing : 

(i) the nucleotide se^ence shown in SEQ ID No. 1, or 
Ui, at least one sequence correspondin, " se<^ence (i) 
within the degeneracy of the genet.c code, or 

(iii, at least one sec^ence which hybridi.es with the 
sequence complementary to sequence (x) or (ix) , 
optionally 

(iv) neutral sense mutations in (i) • 

The invention also provides: 

, 4. J J. osnecially DMA, containing 
a replicatable polynucleotide, especxax y 

th! nucleotide sequence as shown xn SEQ ID «o. 1, 
a polynucleotide coding for a Polypeptide containing the 
acid sequence as shown in SEQ ID No. 2, 

a ^-or containing the P^i-^-rtonr^^^^^^^^^^^ ^-r, 
invention, especially a snuT:-c-Le 

and 

corynebacteria which contain the vector or in which the 

endogeny pknB gene is aioplifxed. 
The invention also provides polynucleotides --^^'^"^ 
substantially of a polynucleotide -^ence whic, a e 

— rate^re-^^^^^^ 7. ^^^^^^ 

z ::::::: — 
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.ccordln, SEQ ID No. 1 or a fragment thereof, and by 
isolation of said polynucleotide sequence. 

Detailed Description of the Invention ' 

AS hybridization probes for BNA, cDNA and DNA, 
!li™ucleotides containing the sequences according to the 
polynucleotx isolating the full length of 

invention are suit-cxj^j-^ ^^Hinrr for 

nucleic acids, or polynucleotides or genes, 'or 
protein .inase B, or for isolating nucle.c acxds or 
polynucleotides or genes, whose sequence -^^^^"^ ^""^ 
deg^e of stailarity to the sequence of the pknB gene 
Th!y are also suitable for incorporation into so-called 
arrlys, ^=ro-arrays or DNA chips for detecting and 
deternLLning the corresponding polynucleot..des . 
polynucleotides containing the sequences according to the 
invention are further suitable as " J" 

preparation, by the polymerase cha.n reactron (PCR), 
of genes coding for protein kinase B. 

such oligonucleotides serving as probes " 

rV .^75 26 27, 28, 29 or 30, preferably at least 20, 
21 22 23 ;r an; ve;y particularly preferably at least 
is'. Is, X., 18 or 1. consecutive nucleotides Oligo- 
nucleotides with a length of at f ' ,5'' ,6, 
36, 37, 38, 39 or 40 or at least 41, 42, 43 44, 
47 48 49 or 50 nucleotides are also suitable. 
TllglLleotides with a length of at least 100, 150. 200, 

250 or 300 nucleotides may also be suitable. 

-isolate*- means separated from its natural environment. 

■, refers in general to polyribonucleotides 

"Polynucleotide rerers in >j= .jv,,. the 

and polydeoxyribonucleotides, it being possible for the 
;Ls or DNAs in question to be unmodified or modified. 
The polynucleotides according to the invention include a 
poirucfeotide according to SEO ID No. 1 or a fragment 
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prepared therefrom, as well as P°^^-=^^f "^tfetr^" 
Lrticular at least 70% to 80%, preferably at least 81% 

Ts^r:: "icularl. prefera.1v at least ss% "^^^ ^ 
particularly preferably at least 91%, 93%, 95%, 

Identical to the polynucleotide according to SEQ ID No. 

or a fragment prepared therefrom. 

"Polypeptides" are understood as meaning peptides or 
proifins containing t«o or more amino acids bonded v.a 

peptide links. 

The polypeptides according to the invention include a 
The polypepT:x 2, especially those 

polypeptide according to SEQ ID J ^ 
with the biological activity of protexn ^^xnase B 
those Which are at least 70% to 80%, l^llllf^^^^^^^^^^^ 
81% to 85%, particularly preferably 

very particularly preferably at least 91%, ^3%, 95%, 

19% identical to the polypeptide according to SEQ ID No. 2, 

and have said activity. 

^.v,=^ r-*.lates to a fermentation process for 
The> invention further rebates a. 

reparation Of amino acids selected from the group ^_ 

comprising -"-"---^ra:"rrc;st; ne .Valine, 
glutamate, L-glycine, L-alanme, ^ 

methionine, ---rrd:;erri:ri:;,^^^^^^^^^^^^ - - 

rr:rirri;g c::^erct;ria Which, in particular 
already ^roduc! amino acids and in which the nucleot.de 
:t^:nces coding for the p>cnB gene are amplified and, xn 
particular, overexpressed. 

in this context the term "enhancement" describes the 
"crease in the intracellular activity, in a microorganism, 
of one or more enzymes which are coded for by the 
appropriate 0«A, for example by increasing the copy number 
Of the gene(s, or allele (s), using a strong promoter or 
Tsing a gene or allele coding for an appropriate enzyme 
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with a high activity, and optionally co^inin. these 
measures .. 

Ar. ^articular over-expression, the 
enhancement -/-/Z/^^^^:/:,! Lrrespon^ng protein is 
activity or <=°"«"'^""°" ^^^^^ ^0%, 25%, 50%. 75%, 100%, 

r5orror%,Tor::oror5or%, . .o a^.i.^ ^000% or 

^ ^-Ko starting microorganism. 
2000%, based on the starT:ing 

■A^A the present invention can 
-"°=XoTcidrrro: .ru=os:,'sucrose, lactose, 
produce L-amino acids £r g _ cellulose or from 

for its ability to produce L-anano ac.ds. 

The following knovm wild-type strains: 

corynebacterium glutamicum ^^^^^^^^^^^^^^^ 
Corynebacterium acetoglutaracum '^^^"^^^^ 
cor^ebacterium acetoacidophilum ^^^^^^^^ 
corynebacterium thermoaminogenes FE^ BP 

Cor^ebacterium melassecola ATCC17965 

Brevibacterium flavum RTCC14067 

Tre^ibacterium ^-"^^ f,!",^ 
Brevibacterium divaricatum ATCC14020 

- — -Tr:ririy'^ra:i:%rrri:rors^^^^^^^^^^ 

ry^r ;erir irci-ly of the species corynebacterium 
glutamicum (C. glutamicum) . 

. of C glutamicum coding for the enzyme 
The novel P^B gene o. C glu ^^^^ ^^^^^^^^^ 

protein kinase B (EC Z./.i.-^ 
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The first step In isolating the plcnB gene or other genes of 
C. glutemicum is to construct a gene library of this 
microorganism in Escherichia ooli (E. coli) . The 
construction of gene libraries is documented in 
well-toown tertbooks and manuals. Examples whxch may be 
mentioned are the textbook by WinnaOcer entitled ^r-^-^ 
to Clones, introduction to Gene Technology (Verlag Chemie, 
weinheim, Germany, 1990) or the manual by Sambrook et al. 
entitled Molecular Cloning, A Laboratory Manual (^°" 
spring Harbor Laboratory Press, 1989) . A very 
gLe library is that of the E. coli K-12 strain «3110 
!hich was constructed by Kohara et al. (Cell 50. ^^^-SOS 
(1987)) in X vectors. Bathe et al. (Molecular and General 
Genetics 252, 255-265, 1996) describe a gene library of C. 
glutamicum ATCC13032, which was constructed using cosmid 
vector supercos I (Wahl et al., 1987, Proceedings of the 
National Academy of Sciences OSA 84, 2160-2164) in the E 
coli K-12 strain NM554 (Raleigh et al., 1988, Nucleic Acids 
Research 16, 1563-1575) . 

BSmann et al. (Molecular Microbiology 6(3), 317-326 
(1^2)) in turn describe a gene library of C. glutamxcu. 
ATCC13032 using cosmid pHC79 (Hohn and Collins, Gene 11, 
291-298 (1980)). 

A gene library of C. glutamicum in E. coli can also be 
constructed using plasmids lilce pBR322 (Bolivar, Life 
sciences 25, 807-818 (1979)) or pUC9 (Vieira et al., 1982, 
Gene 19, 259-268) . Restriction- and recombination 
defective E. coli strains are particularly suitable as 
TosZ. an example being the strain 0H5ca„=r, which has been 
described by Grant et al. (Proceedings of the 
academy of Sciences »SA 87 (1990) " 
fragments cloned with the aid of cosmids can then in turn 
be subcloned into common vectors suitable for ^^^uencing, 
and subsequently sequenced, e.g. as described by Sanger et 
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united States of tae>:i« 74. 5463-5467, 1977) . 

DK. se^ences Ctelned can t.en «a«ined -it. Jcnown 
aX,orit>^ or se^ence -^Xysis program- e ,^ that 
Staden (Nucleic Acids ^^^^"f a,,,,, or the 

rcHrrro: rrer-rds-i Iche^cal .al.is 3. 
74-97 (1998)). 

o* C Qlutamicum coding for the pknB 
The novel ""^-^ s' „ No. 1, f=™s part of the 
gene was found and, as « N ^ ^^^^ sequence of 

SEQ ID No. 2. 

coding ON. ^eguen-^ — ^^^^ ..The" 

SEO ID NO. 1 or portions 3,^^ exchanges, 

invention. -"f-°"'cre ,rr alanine or of aspartic 

e.g. the exchange of glycxne i 

acid for glutamic acid in prote.ns are Icnown 

« sense mutations' , wnicn ao 
skilled xn the art as sens protein, i.e. 

a fundamental change m the ^^^^^^^^^ changes at the N- 

T1- is also known that cnanges 

they are neutral " substantially impair 

and/or c-termxnus of a P"*" ^^^3, 3^illed in 

its function or may even stabilize i Ben-Bassat 

.he art will find '^''^^^XoT iT^lT a^^^U , 

et al. ;/J;rrr37 » "^.U;:,, Sahin-Toth et al. 

O'Regan et al. (Gene 77 ^^^^^^^ 

(Protein Sciences 3, 24° 2„ ^ i„ 
(Bio/Technology 6, 1321 1325. ' ' ' .^^lar biology, 

well-known textbooks on genet.cs ^"^ SEQ 
;^no acid sequences which correspondingly 
ID NO. 2 also form part of the invention. 
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Lllcewise, DHA sequences which hybridize with SEQ ID No. 1 

I' „f sEQ ID HO. 1 form part of the invention, 
rinrr- LSenL Which ere prepare. .V -J--""^ 
Chain reaction (PGR) using primers resulting from SEQ ID 
^o 1 fonu part of the invention. Such oligonucleotides 
typically have a length of at least 15 nucleotides. 

Those skilled in the art will find instructions °n the 
idtntifrcation of DNA sequences by means of hybridization 
in the manual entitled -"The DIG System User' s Gu^e for 
Filter Hybridization- from Boehringer Mannheim GmbH 
(Mannheim, Germany, 1993) and in Liebl et al. _ 
international Journal of Systematic Bacteriology (1991) 
1 255-260), inter alia. Hybridization takes place under 
st;ingent cllditions; in other words, only hybrids for 
which the probe and the target sequence, . '^^^ 

nolvnucleotides treated with the probe, are at least 70» 
fd ::r=al are formed. It is known that the -r ngency of 
hybridization, including the washing steps, is 

or determined by varying the -^°:;:^:;;,:rization 
temperature and the salt concentration, "^he hybri 
reaction is preferably carried out under "^-^"'^^ 
stringency compared with the washing steps (Hybaid 
Hybridisation Guide, Hybaid Limited, Teddington, HK, 1996) 

The hybridization reaction can be carried out for example 
!sing a 5x SSC buffer at a temperature of approx 50 C - 
::.C it also being possible for probes to hybridize with 
polynucleotides which are less than 70% identical to the 
L<^n=e Of the probe. Such hybrids are f f 

are removed by washing under stringent conditions. This 
can be achieved for example by lowering the salt 
concentration to 2x SSC and subsequently to O.Sx SSC 
necessary (The DIG System User's Guide 
Hybridization, Boehringer Mannheim, Mannheim, Germany, 
1995) , the temperature being adjusted to approx. 50 C - 
68-C It is possible to lower the salt concentration to 



<WO 0222a2BAl I > 



i.' = PCT/EPOl/10211 
10 

WO 02/22828 

O.lx SSC If necessary. By raisin, the ^y^l^f^-^^'°^^^ 
temperature in apprcx. 1 - 2-C steps from 50 ^° =' 

QnbH, Mannheim, Germany, Catalo, No. 1603558) . 

Those slcilled in the art will find °^ 
amplification of DNA se<^ences with the f 
:riymerase chain reaction (PCH, '^^^^f J^^^f^, 

rrrr:strf::rur i:rr — - r 

IsrexIrrkHaaemischer vena,, Heidel.er„ Germany, 19S4, , 



inter alia 



It has been found that, after overexpression of the plcnB 
^ene the :roduction of amino acids by corynebacter.a .s 



improved. . 



^=.« achieved by increasing the copy 
Overexpressxon can be achxevea y promoter 

rr4™rr./rrrLr::;.r ........ - 

same way. Inducible promoters additionally make it 
;rsible to increase the expression in the °' 

. * =Tn-!T,rt acid bv fermentation. Measures xor 
production of amino acia oy ^-^ 

, . 1 i £e of the mRNA also improve the 

ZTssTl^^^^^^^ -e en.yme activity is also 
eXanced by preventin, the degradation of the enzyme 
protein. The genes or gene constructs can ^^^J'^^J^ 
located in plasmids of variable copy number °- -"^^f ^^^^ 
Inrt amolified in the chromosome. Alternatively, it is also 
and amplitiea m „enes in question 

possible to achieve overexpression of the ^^n^^^" ^ 
ly Changing the composition of the media and the culture 



technique . 
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Martin et al. (Bio/Technology 5, 137-146 
et al. (Gene 138, 35-41 (1994,,, Tsuchiya and M°"-^^ 
,Bio/Technology 6, 428-430 (1988)), Eilaaanns et al. (Gene 
102 9"^ (1991, , EP 0 472 869, OS 4,601,893, Schwarzer 
102, 93 98 ussi)), (1991,,, Reinscheid et 

and Ptlhler (Bio/Technology 9, 84 87 (19»i, ^,6.132 
al. (Applied and Environmental Miorobxology 
(1994,,, LaBarre et al. (Journal of Bacteriology 175 1001 
ioo7 (1993),, WO 96/15246, Mal^^res et al. (Gene 134, 15 
24 (1993, , , JP-A-10-229891, ^^^^^^^ ,^,3, , 

(Biotechnology and Bioengn-neerrng 58, 191 195 1 
Makrldes (Microbiological Reviews 60, 512-538 (1996, W 
inter alia, and in well-Known textboolcs on genetxcs and 
molecular biology. 

Eor amplification, the pKnB --^^ rrbe^airof^enfo^X 
has been -"expressed for exa^le wx^h^^^^^^^ ^ J^^^^^^ 

"'"'"";barte:fa l^ZZ Town plas^d vectors, e.g. 
rn corynebacterxa. N j,„^i„™.ental Microbiology 

pZl (Menkel et al., Appirea an 

a989, 64, 549-554,. pEKExl (Eilo^nns et al^. Gene 102, 
98 (1991,, or pHS2-l (Sonnen et -X-' . 
(1991,,, are based on cryptic P^^^f^^^^/^^:' ^^^4 ,0S- 
PGAI. Other plasnid vectors -9. those ba^d J 
A-4,489,160,, PHG2 (Serwold-Davrs et al., FEM 
Letters 66, 119-124 (1990, , or pAGl (US-A-5, 158, 891) , 
be used in the same way. 

• J ,T«a<-*-rkT-^ are those which make it 
Other suitable plasmid vectors are T:nos 

possible to use the gene example 
integration into the chromosome, as descrxbed r 
w --J c^-h al (AoDlied and Environmental 
by Reinscheid et al. ^appj-x^^ -.-^^v^^r* or 

^ Microbiology 60, 126-132 (1994), for the ^'^^^'^^^^l^^ 
amplification of the hom-thrB operon. In f " "^^^"^^^"^ 
co^^lete gene is cloned into a plasmid vector wh.ch can 
replicate in a host (typically E. coli, , 
glutamicum. Examples of suitable vectors are pS0P301 
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. .^ Bio/Technology 1, 784-791 (1983)), pKlBmob 
(Simon et al., Bxo/Tectinoxogy (1994)), pGEM-T 

or pK19mcb (SchSfer et al.. Gene 145, 69 (199 
(PrLega Corporation, Madison, WI, USA) P^^^-l-T^^^^ 
(Shunan (1994), Journal of Biological ^"^^'III^IL T^. 

rrssr.::; rir93n,^:^x-;s:Lu^. et ai., 199. .oumai 

234, V 4510-4516) or pBGSB (Spratt at al., 

1986, Gene transferred to the desxred 

Schaler et al. (Applied and ^^^^^^^ ^^tcrLed 

„e-7ss .«tare:^^:::^^:^cro:i^^^^^ 

£or e^a^ple ^» f^f/.^^.^'^.^'.^, ^"".^ican and snivnan 
Biotechnology 29, 356 362 (1 ) , , ^^^^^ 

(Bio/Technology 1, 1067 1070 ( ^^^^ 

Microbiological Letters 123, 343 347 > ^ 

.o.ologous ""-^^-"-/^.Terst wo coriL of the gene 
resulting strain contains at least ^ 

in question. 

Xt has also been found that a^ino the^'alino 
section between position 581 and I "'^^''^^ . 2, 

acid se^ence of protein Kinase ^' ^^""^^^/.^^.'^^.ne, 
i„«,rove the production of a-oino acxds, especially 

by corynebacteria. 

for L-serine or L-threonine and very particularly 
preferably for L-serine. 

SEO ID NO 3 Shows the base sequence of the Pl^^""^^ 
flLle contained in the strain 0M1S47. The pKn^-1547 
allele codes for a protein whose amno acxd ^ 

■ =,.r, Tn Ho 4 The protein contains L-s rine in 
shown in SEQ ID No. 4. me y „v„b-i547 allel 

position 584. The DHA sequence of the plcnB 1547 



3NSDOCI0: <WO 022282SA1 1 > 



wo 02/22828 



PCT/EPOl/10211 



,SM ID NO. 3, contains the base thy^ne in P^-" 

base cytosine contained in the pknB wild-type gene (SEQ ID 

No. 1) in position 2343. 

Mutagenesis can be carried out by conventional methods 
using mutagenic substances such as N-methyl-N'-n.tro-N- 
nitrLoguanidine or ultraviolet light. Mutageneses can 
also be carried out using in vitro methods such as 
trea-Lt with hydroKylamine (Miller, ..H -. -^^^^^^^l 
in Bacterial Genetics. A Laboratory Manual and Handbook for 
eschericria coli and Related Bacteria, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor 1992, - 
Oligonucleotides (T.A. Brown: Gentechnologie 
(GeL Technology for Beginners, , Spektrum ^"^^^^^^^^^^^^ 
Verlag, Heidelberg, 1993, , or the polymerase f-^^^Tv^ 
TpCR, Ls described in the manual by Newton and Graham (PCR, 
spektrum Akademischer verlag, Heidelberg, 1994) . 

The corresponding alleles or mutations "^/""^ 
introduced into the chromosome by the -^^"^ f^^^^^,^,^ 
replacement, for -^^^^^^^ t.^^r t^rpyc gene of 

C. glutamicum, in SchSfer et a > in Schafer 

for the hom-thrB gene reg:Lon of =- 9^"^^°"" , 
et al. (Journal of Bacteriology 176, 7309-7319 <19S''>> " 
the cgl gene region of C. glutamicum. -^^H^J^^JZ 
alleles or the associated proteins can optionally be 
amplified in turn. 

in addition it can be advantageous for the production of L- 
Int acids to a^lify and, in particular, overe^ress not 
only the pknB gene but also one or more enzymes of the 
particular bios^the.l= ^^.^ 
Tyr r rh; ^^^oT.: Z^J, and optlonany regulatory 
proteins • 
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Thus, for the production of L-amino acids, one or more 
genes selected from the following group can be air«>lified 
and, in particular, overexpressed in addition to 
aii?)lification of the endogene pknB gene: 

• the dapA gene coding for dihydrodipicolinate synthase 
(EP-B-0 197 335) , 

• the gap gene coding for glyceraldehyde 3-phosphate 
dehydrogenase (Eikmanns (1992), Journal of Bacteriology 
174, 6076-6086), 

• the tpi gene coding for triose phosphate isomerase 
(Eikmanns (1992), Journal of Bacteriology 174, 6076- 
6086) , 

. the pgk gene coding for 3-phosphoglycerate kinase 
(Eikmanns (1992), Journal of Bacteriology 174, 6076- 
6086) , 

• the zwf gene coding for glucose- 6-phosphate 
dehydrogenase ( JP-A-09224661) , 

• the pyc gene coding for pyruvate carboxylase (DE-A-198 
31 609), 

• the lysC gene coding for a feedback-resistant aspartate 
kinase (Accession no. P26512; EP-B-0387527; EP-A- 
0699759) , 

• the lysE gene coding for lysine export (DE-A-195 48 
222) , 

• the horn gene coding for homoserine dehydrogenase (EP-A- 
0131171) , 

• the ilvA gene coding for threonine dehydratase (M5ckel 
et al.. Journal of Bacteriology (1992) 8065-8072) or the 
ilvA(Fbr) allele coding for a feedback-resistant 
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threonine dehydratase (Mbclcel et al. (1994), Molecular 
Microbiology 13, 833-842), 
. the ilvBN gene coding for acetohydroxy acid synthase 

(EP-B-0356739) , 
. the ilvD gene coding for dihydroxy acid dehydratase 
(Sahm and Eggeling (1999), Applied and Environmental 
Microbiology 65, 1973-1979) , or 
. the zwal gene coding for the Zwal protein (DE 199 59 
328.0, DSM13115) . 

in addition to ainplif loation of the ptaB gene, " 
be advantageous for the production of L-amino ^"^s to 
attenuate one or more genes selected from the following 
group : 

. the pck gene coding for phosphoenol pyruvate 

carboxykinase (DE 199 50 409.1, DSM13047), 
. the pgi gene coding for glucose-6-phosphate isomerase 

(US 09/396,478, DSM12969) , 
. the poxB gene coding for pyruvate oxidase (DE 199 51 

975.7, DSM13114), or 
. the .wa2 gene coding for the Z«a2 protein (DE 199 59 

327.2, DSM13113), 
and, in particular, to reduce the expression. 

in this context the term "attenuation" describes the 
reduction or switching-of f of the intracellular activity, 
irr^croorganism, of one or more enzymes <P""^-' 
^ are coded for by the appropriate DNA, for ex^ple by us.ng 
a weak promoter or using a gene or allele for an 

appropriate enzyme with a low activity, or inactivating the 
appropriate gene or enzyme (protein) , and optionally 
combining these measures. 
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aetivitv or concentration of 
By attenuation measures, the actxvxty 
the corresponding protein is in general reduced to 

0 to 25%, 0 to 10% or 0 to 5% of the act.vxty or 
concentration of the wild-type protein. 
It can also be advantageous for the production 
Tcids^not only to overexpress the pJcnB -t^-° " 

3„.tch Off — r^irprdLrn^^r^^^^^^^^^ 

rerortlororMrcrobial .rodu=ts, K^P.an.1, Si.yta, 
vanek (eds.,, Academic Press, London, UK, 1982). 

.he ^croorganis^as p-p«- . ::;:;ruitr«rerf or 

also provided by the invention and can be culti 
the production of amino acids continuously or 
discontinuously by the batch process the^fea ba P^ 

or the repeated fed ^^^f ZZZ l. theT.tbooK by Chmiel 
cultivation methods is aesciiu^ 

(Bioprozesstechnik 1. Einfuhrung in die ,„^^„du=tion 
Bioverfahrenstechnilc (Bioprocess ' 

(Gustav Fischer Verlag, Stuttgart, 
to Storhas (Bioreaktoren und 

plriphere Einrichtungen (Bioreactors and ^-"^^^^^^ 
rri^ent, (Vieweg verlag, Brunswic>c/«iesbaden, 1994,,. 

.he culture medium to be used must ^P^^^^l^^^^^ T^VZr. 
demands of the particular J^^^^^^Hn "Manual of 

media for ^^f^^^fllZl^^^^ TJZ^r.... Society 

Methods for General Bacterxoxogy 

for Bacteriology (Washington DC, OSA, 1981) . 
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•J « « ar-oi-ie acid. These substances can be 
organic acids, e.g. acetic acia.. 

used individually or as a mixture. 

Nitrogen sources which can be used are organic nitrogen- 
containing compounds such as peptones, yeast extract, meat 
extract, malt extract, corn steep liquor, soybean flour and 
urea, or inorganic compounds such as ammonium sulfate, 
ammonium chloride, ammonium phosphate, ammonium carbonate 
and ammonium nitrate. The nitrogen sources can be used 
individually or as a mixture. 

Phosphorus sources which can be used are phosphoric acid, 
potassium dihydrogenphosphate or dipotassium hydrogen- 
phosphate or the corresponding sodium salts. The culture 
medium must also contain metal salts, e.g. magnesium 
sulfate or iron sulfate, which are necessary for growth. 
Finally, essential growth-promoting substances such as 
amino acids and vitamins can be used in addition to the 
substances mentioned above. Suitable precursors can also 
be added to the culture medium. Said feed materials can be 
added to the culture all at once or fed in appropriately 
during cultivation. 

The pH of the culture is controlled by the appropriate use 
of basic compounds such as sodium hydroxide, potassium 
hydroxide, ammonia or aqueous ammonia, or acidic compounds 
such as phosphoric acid or sulfuric acid. Foaming can be 
controlled using antifoams such as fatty acid polyglycol 
esters. The stability of plasmids can be maintained by 
adding suitable selectively acting substances, e.g. 
antibiotics, to the medium. Aerobic conditions are 
maintained by introducing oxygen or oxygen-containing 
gaseous mixtures, e.g. air, into the culture. The 
ten^>erature of the culture is normally 20-C to 45 C and 
preferably 25-C to 40-C. The culture is continued until- 
the formation of the desired product has reached a maximum. 
This objective is normally achieved within 10 hours to 160 
hours . 



3NSDOC10: <W0 022282BA1 I > 



PCT/EPOl/10211 

WO 02/22828 1® 



51, 1167-11'74) 



w ^ r 

. . o nf the corynebacterium glutamicum strain 
A pure culture of the ^^^^ Deutsche Sammlung 

OM1547 was deposited as ^^M^^^^^^^^^ Collection of 

Mlkroorganismen und ZelUcuxtureH v 
far Mxkroorg cultures (DSMZ) , Brunswxck, 

Microorganxsms -^^^^J-^ tern, of the Budapest 

Germany) on 16 January 
Treaty. 

.he fermentation process according to the indention is used 

for the preparation of amino acxds. 

--^on is illustrated in greater detail 
The present invention xs xxiU5.u 

below by means of Examples. 

* -.^^mld DNA from Escherichia coli and all 
The isolation of plasmxd treatment and 

the techniques of restrxctxon according 

are also described in this manual. 
Example 



preparation of a genomic cos^d gene library fron. 
corynebacterium gluta:»i=um ATCC13032 

Cbro^oso^X OK. fro» Corynebacterl^ gluea^^cu^ .TO^^^^^^^^ 
Was isolated as described in Tauch et al. (IS 
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33, 168-179) and partially cleaved with the restriction 
enzyme Sau3AI <*>aersha. Pharmacia, -J;,^^^^"^;, 
product description Sau3AI, code no. 27-0913 02) Tn 
fragments were dephosphorylated with -hrlmp alkaline 
Phosphatase (Koche Diagnostics 

product description SAP code -" J^^^f/^ ; Z...<^^n,. of 
cosmid vector SuperCosl (Wahl et al. iJ-so 
the National Academy of Sciences USA 84, 2160-2164). 
Obtained from Stratagene (La Jolla, USA, product 
description SuperCosl Cosmid Vector Kit, code no. 251301) , 
Tas Cleaved with the restriction enzyme Xhal <Amersham 
Ph=™,cia Freiburg, Germany, product description Xbal, 
lodH: 27-0948-ol, and also dephosphorylated with shrimp 
alkaline phosphatase. 

The cosmid DNA was then cleaved with the restriction enzyme 
BamHX (Amersham Pharmacia, ZZT 
description BamHI, code no. 27-0868 04). ™ 
treated in this way was mixed with the treated ATCC13032 
D«A and the mixture was treated with T4 DNA ligase 

: =„=.™.cia Freiburg, Germany, product description 
(Amersham Pharmacia, Freib 9' ligation mixture 

T4 DNA ligase, code no. 27-0870 04). The 9 
was then packaged into phages using Gigapack II >=^^^=^^"^ 

T , Tr,n a USA. Droduct descrxption 
Extract (Stratagene, La Jolla, USA, proa 

Gigapack I.I XL Packing Extract, code no. 200217). 

For infection of the E. coli strain NM554 (Raleigh et al.. 
For mrection it;63-1575), the cells were 

1988, Nucleic Acid Research 16, 1563 1575) , 
taken up in 10 mM MgSO, and mixed with an al.quot of the 
phage suspension. Infection and titering of ^he cosmxd 

• ^ as described in Sambrook et al. 

lihrarv were carried out as aesctit^cia ^ . „ . 

'l989 Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor, , the cells being plated on LB agar (Lennox, 1955 
Virology 1, 190) containing 100 mg/1 of -°P"\\"";^„^f " 
incubation overnight at 37-C, recombinant single clones 

were selected • 
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Example 2 

isolation and sequencing of the plmB gene 
The cosmid Dm of a single colony was isolated with the 
ofaprep Spin Miniprep Kit (product no. 27X06, Q.agen 
Slden! Ger^ny, in accordance with the ..anuf aoturer^s 
LtruUions and partially cleaved with the restr.ct-n 

enzyme Sau3AI (^-sha^ Pharmacia Prexburg Oe^ny, 

product description Sau3AI, product "O- 

DNA fragments were dephosphorylated with ^^"^^^^^"^ 
phosphatase (Koche Diagnostics GmbH, Mannhexm, G^ny, 

product description SAP, ^l°^-^l:%^;ZZ' trT^^^s in 
separation by gel electrophoresis, the cosmxd gm 
the size range from 1500 to 2000 bp were isolated with the 
riaE"xx%el Extraction Kit (product no. 2002X, Qiagen, 

Hilden, Germany) . 

invitrogen (Groningen, The Netherlands, pr 
zero Baclcground Cloning Kit, product no. K2500-01) , was 
cleaved with the restriction enzyme Ba:aHX C^-^^^ 
PH^Lacia Freiburg, Germany, product descrxptxon BamHI, 
Pharmacxa, ^^^^^ ligation of the cosmid fragments 

product no. 27-0868 04). i^^y =s described 

in a<""" the DNA mixture being 

Manual Cold Spring Harbor) , tne uwrt. uu. 
Manual, cox P y (Pharmacia Biotech, 

incubated overnight with T4 iiga* 

Preiburg. Germany) . This ligation mixture -as then 
Introduced into the E. coli strain DHSoMCR <"-^' 

Proceedings of the ^-^-^^::^^z:Trz:^^^^^ 

4645-4649) by electroporation (Tauob et ax 
Microbiol. I-etters 123, 343-7, and plated "-J^^^^l 
(Lennox, 1955, Virology 1, 190) containing 50 mg/1 of 

zeocin. 

Plasmid preparation of the recombinant clones was carried 
outTith Biorobot 9600 (product no. 900200, Qiagen, Hllden, 
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Germany) . Sequencing was carried out by the dideoxy chaxn 
termination method of Sanger et al. (1977, Proceedxngs of 
the National Academy of Sciences USA 74, 5463-5467) wxth 
modifications by Zimmermann et al. (1990, Nucleic Acxds 
Research 18, 1067). The «RR dRhodamin Terminator Cycle 

Sequencing Kit" from PE Applied Biosystems (product no. 

403044, Weiterstadt, Germany) was used. Separation by gel 

electrophoresis and analysis of the sequencing reaction 

were carried out in a -Rotiphorese NF 

acrylamide/bisacrylamide" gel (29:1) (product no. A124.1, 
Roth, Karlsruhe, Germany) with the -ABI Prism 377" 
sequencer from PE Applied Biosystems (Weiterstadt, 

Germany) . 

The raw sequence data obtained were then processed using 
the Staden programming package (1986, Nucleic Acids 
Research 14, 217-231), version 97-0. The i'^^i^J'f ^ 
sequences of the pZero-1 derivatives were assembled xnto a 
cohesive contig. Computer-assisted coding region analysis 
was performed with the XNIP program (Staden, 1986, Nucleic 
Acids Research 14 ^ 21'7-231) . 

The nucleotide sequence obtained is shown in SEQ ID No. 1. 
Analysis of the nucleotide sequence gave an open reading 
frame of 1884 base pairs, which was called the pknB gene. 
The pknB gene codes for a protein of 627 amino acids. 
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What is claimed is: 

1. ^ isolated polynucleotide .^^^^^^^^f ^l^^^ 

contains a polynucleotide sequence codxng for the pknB 
gene and is selected from the group comprising : 

. a) a polynucleotide which is at least 70% identical 
to a polynucleotide coding for a polypeptide 
containing the amino acid sequence of SEQ ID No. 
2, 

b) a polynucleotide coding for a polypeptide 

containing an amino acid sequence which xs at 
least 70% identical to the amino acid sequence of 
SEQ ID No. 2, 

c) a polynucleotide which is complementary to the 
polynucleotides of a) or b) , and 

d) a polynucleotide containing at least 15 
consecutive nucleotides of the polynucleotide 
sequence of a) , b) or c) , 

the polypeptide preferably having the activity of 
protein kinase B. 
2 A polynucleotide as claimed in claim 1 which is a 
preferably recombinant DNA replicatable m 
corynebacter ia . 

A polynucleotide as claimed in claim 1 which is an 



RNA. 



4 A polynucleotide as claimed in claim 2 which contains 
' the nucleic acid sequence as shown in SEQ ID No. 1. 

5. A replicatable DNA as claimed in claim 2 which 

contains : 
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6. 



8 



9. 



(i) the nucleotide sequence shovm in SEQ ID No. 1, 



or 



(ii) at least one secjuence corresponding to sequence 
(i) within the degeneracy of the genetic code. 



or 



10. 



(iii) at least one sequence which hybridizes with the 
sequence complementary to sequence (i) or (xx) , 
and optionally 

(iv) neutral sense mutations in (i) . 

A replicatable DNA as claimed in claim 5 . wherein the 
hybridization is carried out under a stringency 
corresponding to at most 2x SSC. 

A polynucleotide sequence as claimed in claim 1 which 
codes for a polypeptide containing the amino acxd 
sequence shown in SEQ ID No. 2. 

Corynebacteria in which the pknB gene is amplified 
and, in particular, overexpressed. 

A fermentation process for the preparation of L-amino 
acids, especially L-lysine, wherein the following 
steps are carried out: 

a) fermentation of the corynebacteria producing the 
desired L-amino acid, in which. at least the pknB 
gene or nucleotide sequences coding therefor are 
amplified and, in particular, overexpressed, 

b) enrichment of the L-amino acid in the medium or in 
the cells of the bacteria, and 

c) isolation of the L-amino acid. 

The process as claimed in claim 9 wherein bacteria are 
used in which other genes of the biosynthetic pathway 
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Of the desired L-amino acid are additionally 
amplified. 

The process as claimed in claim 9 wherein bacteria are 
used in which the metabolic pathways which reduce the 
formation of the desired L-amino acid are at least 
partially switched off- 

The process as claimed in claim 9 wherein a strain 
transformed with a plasmid vector is used and the 
plasmid vector carries the nucleotide sequence codxng 
for the pknB gene. 



12. 



13. 



14 



15 



The process as claimed in claim 9 wherein the 
expression of the polynucleotide (s) coding for the 
. p)cnB gene is amplified and, in particular, 
overexpressed. 

The process as claimed in claim 9 wherein the 
catalytic properties of the polypeptide (enzyme 
protein) for which the pknB polynucleotide codes are 
enhanced. 

The process as claimed in claim 9 wherein, for the 
production of L-amino acids, coryneform microorganxsms 
are fermented in which one or more endogeny genes 

selected from the following group are simultaneously 

amplified or overexpressed: 

15.1 the dapA gene coding for dihydrodipicolinate 
synthase, 

15.2 the gap gene coding for glyceraldehyde 3- 
phosphate dehydrogenase, 

15.3 the tpi gene coding for triose phosphate 
isom rase, 

the pgk gene coding for 3-phosphoglycerate 
kinase. 



15-4 
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15.5 the zwf gene coding for glucose-e-phosphate 
dehydrogenase f 

15.6 the pyc gene coding for pyruvate carboxylase, 
15. T the lysc gene coding for a feedback-resistant 

aspartate kinase, 

15.8 the lysE gene coding for lysine export, 

15.9 the horn gene coding for homoserine 
dehydrogenase , 

15.10 the ilvA gene coding for threonine '^^y^^TZ 
or the ilvA(Fbr) allele coding for a feedback 
resistant threonine dehydratase, 

15.11 the ilvBN gene coding for acetohydroxy acid 

synthase, 

15.12 the ilvD gene coding for dihydroxy acid 
dehydratase, or 

15.13 the zwal gene coding for the Z«al protein. 

The orocess as claimed in claim 9 wherein, for the 
• production Of .-amino acids, corynef orm 

are fermented in which one or more genes selected from 
Z following group are simultaneously attenuated: 

16.1 the pck gene coding for phosphoenol pyruvate 
carboxy kinase , 

16.2 the pgi gene coding for glucose-6-phosphate 

isomerase, 

16.3 the poxB gene coding for pyruvate oxidase, or 

16.4 the zwaS gene coding for the Z«a2 protein. 
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18. 



corynebacteria which contain a vector carrying a 
polynucleotide as claimed in claim 1. 

The process as claimed in one or more of claims 9-16, 
Wherein microorganisms of the species Corynebacter.um 
glutamiciom are used. 

19. The process as claimed in clal^ 18, «»>erein the 

Corynebacterium glutai,ucum strain DSM 13994 is 

employed. 

20. A method of detecting RNA, cDNA and DNA in order to 
isolate nucleic acids, or polynucleotxdes 

Which code for protein kinase B or have a hxgh degree 
of similarity to the sequence of the pknB gene, 
wherein the polynucleotide containing the 
polynucleotide sequences as claimed in cla^ 1. 2, 3 
or 4 is used as hybridization probes. 



21. 



The method as claimed in claim 20 wherein arrays, 
micro-arrays or DNA chips are used. 



22. A DNA originating from corynebacteria and codxng for 
protein kinase B, wherein the corresponding ^no acxd 
sequences between positions 581 and 587 in SEQ ID No. 

2 are modified by amino acid exchange. 

23. A DNA originating from corynebacteria and coding for 
protein kinase B, wherein the corresponding amxno acxd 
sequences contain any other proteogenic amxno acxd 
except L-proline in position 584 in SEQ ID No. 2. 

24. A DNA originating from corynebacteria and coding for 
protein kinase B, wherein the corresponding amxno acxd 
sequences contain L-serine or L-threonine in positxon 
584 in SEQ ID No. 2. 

25. K DMA originating from corynebacteria and 

protein kinase B, wherein the corresponding amxno acid 
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26. 



27. 



28. 



sequence contains L-serine in position -584, shown in 

SEQ ID No. 4. 

A DNA as claimed in claim 25 which contains the 
nucleobase thymine in position 2343, shown in SEQ ID 
No. 3. 

corynebacteria which contain a DNA as claimed in claim 
22, 23, 24, 25 or 26. 

corynebacteriom glutamicum DM1547 deposited as 
DSM13994 in the Deutsche Sammlung fOr Milcroorganismen 
und zellkulturen (German Collection of Microorganisms 
and cell Cultures) , Brunswick, Germany. 
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SEQUENCE LISTING 
<110> Degussa AG 

<120> Nucleotide sequences coding for the pknB gene 
<130> 000505 BT 

<140> 
<141> 

<160> 4 

<170> Patent In Ver. 2.1 

<210> 1 
<211> 2875 
<212> DNA 

<213> Corynebacterium glutaioxcuni 

<220> 
<221> CDS 

<222> (594) . . (2474) 
<223> pknB gene 



^gcacgagcg cgatgatggc gcaggcggag gcgccgtogc caagcgaatc aacggcgatg 60 
ctgggcaggg tggcccggcc tgcaacaatc acccaagaag cggccccgaa acgcggttcc 120 
ggcattggca ttggt:ctgtt catcgcagct ttgcttgccg tgattattgg cgcggt:gatc 180 
tatgcgggca ccaccggaat tttgttcaac gacactccgg aagaaaccac cacacctgaa 240 
accattacgg aaacatacac cccaaccgtg gaggaaacca cctctcagtg ggtaccgcca 300 
acgcctccaa cacgg1:caac attcaccgaa cctgaaacaa cttcacaccg tccgacgaca 360 
agtgaagaga gcacatccga ggaacoaacc acggaagctc caacaagtag ccgaactg^g 420 
cctcaaatcc ctacctctac acctaggacg agtgctagcg ttccagttga gactaatgoa 480 
ccggctgatg at:ttaatcga cgccgtaaat ggcctattgg atgtaggagg agcgcagtga 540 
ccttcgtgat cgctgatcgc tatgaactgg atgccgtcat cggctccggt ggc atg 596 

1 

III IS fa! ^^ i!i m ?s i^; ?5| 2s ir. if. iii sj is 
17, SI ii SI SI n% i" 

20 2^ 
Se S5 SI IS I!a r„ ITr 1!^ S| S| IK S^sS SI 



644 



692 



740 



35 40 
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rr't-a oac aaa gac ggc acc tct 
?S fa! m IS ?S 1?V ?ax Lp .ap .ly Th. Sar 

50 

«^ ^rr caa aat cga aac ctg cgc gaa 
%% T/r III m SI IS SI fa! Ix| 15 - - «fS 

fal fa! - ^ IS fat III ^ f>t ^ S 

2= III ifo ?:! sfa Su 111 2| i!i IS r.i iia 

ai-r- ata ate acc aac acc ggt 
att cac cgc gat gtg aaa ccc gcc aac ate atg 
He His Arg Asp Val Lys Pro Ala Asn xxe 
115 -^^^ 

fa! - fa! SI Ill s= i - - - iii 

130 ^ 

?SI IS SI ?S III fil Sa l!5 Is -'^ 

150 

IS s^ I!? i!°a SIS i?; °- s: Sp |f| - 

165 

tta crtc acc ggt aag cca 
att tac gcc acc ggc tgc gtc atg tac gaa u g-^ 
He Tyr Ala Thr Gly Cys Val Met Tyr ^,xu 
180 

S IS 1!? IS g IS I!I fa! 1!^ i - III f ? 

195 ^^'^ 

III IS ?s s^ SI IS IS IS |!i ss js si III 

210 

IS I!! fa! ni fa! Sp I!S fa? i I!°a SI St Ifs IK 

230 ^"^^ 

i?i SI It; I- ?s St IS at SI s: si ni si 

245 

egg eta tec cgc aat gca gtc tee eat gee gca ege gg cat gta gaa 
Aig Leu Ser Arg Asn Ala Val Ser Has Aia AJ-a y 
260 265 

s St at ?s St at ai is at ?s iii is is ?s ss ?s? 



836 
884 
932 
980 
1028 
107 6 
1124 
1172 
1220 
1268 
1316 
1364 
1412 
1460 
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?s td fii ttt fsi HI m fa? g HI ffi ?s |!| 

290 295 

tea ggg tct tct teg egt aaa egt gga tec aga ggc ete aee gee otg 
Ser Gly Ser Ser Ser Arg Lys Arg Gly Ser Arg faJ-y 
310 

fit ill fd lit S5 15 fJ i £i If, ft - - 

325 330 

III Si '.s til IS 'ss r,? ?s HI ?s 11? SI Se ifo 

f,! S I?? IS Sr„ cS K 2S |g IS S: 

355 

in IS fa fa 5 III fa! 1" 1- fa IS fa! 

370 ^'^^ 

gaa gge ete gte ate ega gea ^e eea age gtt gga tee gaa ate ege 
Glu Gly Leu Val He Arg Ala Asn Pro ser vaj. y 
390 

I?? HI ?S fa! ?S ill ?S fa? IS IS S', flu SI IS 

405 ^-^^ 

SI fa! IS IS 12 IS III SI 1 fr. s^ 

420 

SS SI IS fal IS - lil SI IS III IS S SI III SI IS 

435 

IS SI SI fa! SI IS l!5 III fa! '11 SI SI SI SI SI I!l 

450 - 

_^ _^ «^ tee tct <rta tct eta acc atg tct tea 

SI SI SI fal fa! fa? I?5 IS IS f 1 Ser Thr M,. S.r Ser 
470 

III IS SI IS III SI fa? SI 111 SI IS l?l SI? Si IS IS 

485 

eaa gea gaa eaa aac ete ate tee atg gge ttt aac eee aca get tee 
Gin Ala Glu Gin Asn Leu He Ser Met Gly Phe Asn Pro 
500 505 

III SI IS IS Si SI SI l!l SI fa! i IS fal IS IS 



1556 



1604 



1652 



1796 



1844 

1892 

1940 

1988 

2036 

2084 

2132 
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caa gga act gaa eta ccc aag ggt tea tec ate gtg 
Gin lly Thr Glu Leu Pro Lys Gly Ser Ser lie Tnr 
530 535 

.ac „= at, «c «c caa g= ==c «= |== go 'J? ?g 

Asn Gly Met Leu He Gin AJ.a fro t^t' 5^0 
550 

ss Se |£ III in ii: i?? ?s ?s fit s| l-^ s» 
re= S Sp til % SI - - - i - 

580 

aae aaa ate gga tte eaa tec eea aee eet gea aee ete tte ege aaa 
Asn Lys He Gly Phe Gin Ser Pro Thr Pro 

595 ^ 

fii fa! f.! I" li y 

610 

^, caa «,==a.=aa „aaac=gtc aa,,ta,=tg g==c„=aa= t,.t.c,t« 
rJaaaca a,ata.^a= =a^t,=«, ,^««c=. a,.»ataaa «a.,a„^ 
^,aacaa., c=,aa,,caa ,a,.aa=.aa .aa=,„.=c ,cac=,^" « 
aa,c,=a..= c,=ac==c„ «aa,a.ca «c=,==,,. .=«=aa.^ ,^.=aa,^ 
=a.cat^« ,==«ca.,a «,.=,,==^ a,cc„^t, a.oa«aao. a=«=,.,,, 
e=ca=a,a« c=a«=,„, c.,a««« .,=a«,aac «.„=a«, ,=«c,,«t 
,at„tc.tc 99==t.=t=a tg.ccat,,, Wc,9=,1:«a tcottcaaaa a 



2276 

2324 

2372 

2420 

2468 

2524 



<210> 2 
<211> 627 
<21-2^ PRT 

<213> Corynebaeterium glutamicum 



Gl» val Phe iaa Ala Thr «P Thr L.U II. =ly Ar, Glu V,l 

val X.ys Met «l II. A=P ^" "'^ 

20 

Olu AX, Phe AT, Glu Ala Gin Ser Gly «r, L.» Ser Bia Ser 

S,r II. v" Ala val Phe Asp Thr Gly Glu Val Asp L,a Aap Gly Thr 



50 " 
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S.r V.1 Pxo Tyx He val M.t Gl. v,l Oln Gly «, «u Rr, 

L val val Thr Gl» «P Gly Val Phe Thx Pre Val Glu Ma Al. Asn 

Ila Leu He Pro Val Cy, Gl» Gl. Ma Ser Hi. «P *1, Gly 

100 •'""^ 
lie lie Hi, «p val Lya Pro M. »s« lie Met II. Thr «n Thr. 

115 ■'•2° 
Gly Gly val Lys val «P Ph. Gly He Ma «r, Ma Val ^ «P 
130 

S.r Thx ser Ma Met Thr Gin Thr Ser Ma val He Gly Thr M. Glh 
145 

Tyr Leu Ser Pro Glu Gin Ala Arg Gly Lys Pro Ala Asp Ala Arg Ser 

16S 

^, - ir^i M«.t Tvr Glu Leu Val Thr Gly Lys 
Asp He Tyr Ala Thr Gly Cys Val Met Tyr exu 



145 

T.eu Ser Pro 

165 

pro Pro Phe Tu Gly Glu Ser Pro Phe Ma Val Ma Tyr Gin His vaX 



195 



Gin Glu ;^P pro Thr Pro Pro S.r «P Ph. He Ma ^ !..« Thr Pro 

210 

Thr ser Ma Val Asn Val AsP Ma val Val L.U Thr Ma M.t Ma Ly, 

225 2^*^ 

Hia pro Ma «P |r, Tyr Gin Thr Ma S.r Gla «e. Ma Ma «P Leu 
Sly ^ ser ^ «n Ma Val S.r His Ma Ma Ar, M. His val 

' 260 

Glu Thr Glu Gl» Thr Pro Glu |lu Pro Glu Thr Ph. ser Thr «, 

275 280 
Thr ser Thr Gin Val M. Pro Ma Ma Gly Val M. Ma Ma Ser Thr 

290 

Gly ser Gly Ser S.r S.r «g I.ys Ar, Gly Ser Gly I.eu Thr M. 
305 

..u Ma II. val Leu S,r Gly Val Val Gly val Ma Gly Ma Ph. 

325 

Thr Tyr Asp Tyr Ph. Ma Asn s,r |.r Ser Thr Ma Thr |.r Ma II. 
340 

pro Asn Val Glu Gly .eu Pro Gin Gin Glu Ma Leu Thr Glu Leu Gin 

355 



Ma Ma Gly Phe Val Val Asn II. val Glu Glu Ma S.r Ma Asp Val 



370 "5 
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Ma Glu Gly Leu Val He Arg Ala Asn Pro Ser Val Gly Ser Glu lie 

385 

AX, Gin Gly la. Thr V.1 Thr He Thr Val Ser Thr Gly Ar, Glu Met 

lie II. Pxo ASP val Ser Gly Met Thr Leu Glu *,p Jla Ala Ar, 

420 

Ala Leu Glu A,p Val Gly Leu lie Leu As. Gin Asn Val Ar, Glu Glu 

435 

, ^ ^ ^T.^ Glti ser Gly Leu Val He Asp Gin Asn Pro Glu 
Thr Ser Asp Asp Val Glu ser toJ-y 

450 

Ala Gly Gin Glu Val Val Val Gly Ser Ser Val Ser Leu Thr Met Ser 
465 ^■'O 

ser Gly Thr Glu Ser II. AT, Val Pro Asn Leu Thr Gly H.t Ash Irp 

485 

ser Gin Ala Glu Gin Asn Leu He Ser Met Gly Phe Asn Pro Thr Ala 
500 

S.r Tyr Leu Asp Ser Ser Glu Pro Glu Gly Glu val Leu S.r Val Ser 

515 

ser Gin Gly Thr Glu Leu Pro Lys Gly Ser Ser lie Thr Val Glu Val 

530 =35 
ser Asn Gly Met Leu He Gin Ala Pro Asp Leu Ala Arg Met Ser Thr 
545 "° 

Glu Gin Ala lie ser Ala Leu Axg Ala Ala Gly Trp Thr Ala Pro Asp 

Gin ser Leu He Val Gly Asp Pro lie Hi. Ihr Ala Ala Leu Val Asp 

580 585 
Gin As„ Ly, II. Gly Ph. Gin S.r Pro Thr Pro Ala Thr Leu Ph. Ar, 

595 

Lys ASP Ala Gin Val Gin val Axg Leu Phe Glu Ph. Asp L.u Ala Ala 



610 

Leu Val Gin 
625 



<210> 3 
<211> 2875 

<212> DNA , ^ . 

<213> Corynebacteritm glut ami cum 

<220> 
<221> CDS 

<222> (594) . . (2474) 
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<223> pknB-1547 allele 
<220> 

<221> misc^feature 

<222> (2343) 

<223> C-T Transition 

^gca^gcg cgatgatggc gcaggcggag gcgccgtcgc caagcgaatc aacggcga.g 60 
ctgggcaggg tggcccggcc tgcaacaatc acccaagaag cggccccgaa acgcggt:tcc 120 
ggcattggca ttggtctgtt catcgcagcl: ttgcttgccg tgattat1:gg cgcggt:gatc 180 
tatgcgggca ccaccggaat tttgt:t:caac gacactccgg aagaaaccac cacacctgaa 240 
accattacgg aaaca.acac cccaaccgtg gaggaaacca cctctcagtg ggtaccgcca 300 
acgcctccaa Ccggtcaac attcaccgaa cctgaaacaa cttcacaccg tccgacgaca 360 
agtgaagaga gcacatccga ggaaccaacc acggaagctc caacaagtag ccgaactgtg 420 
cctcaaatcc ctacctci:ac acctaggacg agtgctagcg ttccagttga gactaatgca 480 
ccggctgatg atttaatcga cgccgtaaat ggcctattgg atg1:aggagg agcgcagt:ga 540 
ccttcgtgat cgctgatcgc tatgaactgg atgccgtcat cggctccggt ggcatg 596 

1 

IS IS fa? ^ tit fit ?s ?s 'II If. SI s| f^i 

aa, ..9 c,= ate ^ |J9 -a J.. =c= «= «. |ja 

Val Lys Met Leu Arg He Asp Leu Axa i^ys 
20 " 

ni t^i I" fr. ir„ sr, S| ir. if. 

35 *° 

III f.l fH fai IS III ?S IS I" fal Si 111 1!? ?S SS 

50 ^5 

fa! i-r til fa! S^l fa? S| ^ ^ 

ac= |.a jac «c Jta «= a== ~. JtJ ga |c= ja= «c 

Val Val Thr Glu Asp Gly vax fne xnt r^-w 
85 

K in fa? IT. i!i q as is tit in 



644 



692 



740 



788 



836 



884 



932 



100 
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S III 1^ fa! til i IT, - - i 
l!5 fi 5s fa! SI lit m lit fit i - L'S 

135 



?S S5 ?S ?S til f.| IS ?S= ii 



150 



le= ttl IK IS £a IS £^ LI SI 



1076 



1124 



1172 



1316 



1364 



!r. IS? IS c?s fa! S| 5" l!S fa? i IS - - 

180 

^^-h *-tc ace otg gcc tac caa cac gtc cag 
S III I" IS Its t% lit lit fa! S. xyr Cln His Val Gin 

195 

„= c== ac= c=t c=t ^ ^tc ate J=| ^ «= .== c=g ^ 
Glu Asp Pro Thr Pro Pro Ser Asp Pne iJ.e Axa ^25 
210 215 

Ifa fa! S^S fa! £p ?^! g lit til ^ - 

230 235 

III ss Hi III - i!i lii I" SI I!! i?i III S2 m 
m L^s ra fa? ij ss i!t - f ? i?s 

260 

a; i- r4 s» i?2 i" ?s si |S si ?si 2S iit 

275 280 
tec acc caa gtg gcc ccc gcc gca ggc gtg get gcg gcc agt acg ggg 
Ser Thr Gin Val Ala Pro Ala Ala Gly Val Ala Aia aj- 
290 295 

tea ggg tct tet teg cgt aaa cgt gga tec aga ggc etc acc gcc ctg 
Ser Gly Ser Ser Ser Arg Lys Arg Gly Ser Arg fc.J.y ^ 
310 315 

lit fa! III IS fa! i IS fal Sa iS ^ - 

325 330 

tac gac tac ttt gee aae age tec tee act gca acc age gcg ate eec 
Tyr ASP Tyr Phe Ala Asn Ser Ser Ser Thr Ala Thr ser 



1508 



1556 



1604 
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ni fj I" IS - III |s s -1" ij; i i" - s 

til lit 1" lis |a IS i!^ fa! Hi 

370 3"75 

III m Txe '41 is: is ti ^s is Se t^i 



1748 



1796 



390 



s: 1?? fit ?s ?s lit ?s fj IS ?s m Su in 



405 



1844 



1892 



III ttl Ii; fa! IS i!? II ?S IS %l f^l S5 

420 425 

Its 2p ?ii m r» s: s; ^« fj^ si ss a: ?s 



4ii " 440 445 



1988 



IS fa? I" IS in faS ?r. i|| i" nt iti is isj 

450 455 

in til III III fa? fa! m IS IS fa| IS ill ?S IS IS 

I?; ?s s!? IS S s; f.? ss is ir. s? s| ?4 is 
s: iTa IS IS as ?n is ss ir. iii tit ^ ?s m is 

500 

2180 



^^u IS IS IS So IS IS IS faS g IS fa! IS IS 
515 520 
caa gga act gaa eta ccc aag ggt tea tee ate aea gtg gaa gte tee 
Gin Gly Thr Glu Leu Pro Lys Gly Ser Ser lie Thr vax 

535 =40 



2228 



'^s in lit IS fit III s Si IS |s IS 

550 555 

IS tit lit IS Si ^ ss IK ifa in ?s ?s s s| IS 

565 570 

IS SS fa? in lit sS Se IS ?S S'a Sa |S fa? fll IS 

580 
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2420 



2468 



2524 



tit t-. Ill m - - til ?s til £a fji ss tit '^i I" 

595 600 

IS nt Sn fj f.! SI a: i feS i 

610 

gtg caa tagccaacaa ggaaaccgtc aaggtagctg gcccggcaac tgatacglita 

Val Gin 

agctcaaaca agataagtac cagttgctgg ggtttttcca agacaataaa ttatgaaggt: 2584 
gtgaacaatg ccaaaggcaa gagtaactaa aaacgagacc gcaccggl:tt caagcaaccc 2644 
aagcgcaaac cgcaccccgg ttaagatcaa ttccgccgga accccaatgt ggtacaaggt 2704 
catcatgttt gccttcatga tcgtcggcct agcctggttg atcatt:aact acctcgtggg 2764 
cccacagatc ccattcatgg ctgatcttgg tgcatggaac tatggcatcg gcttcggtct 2824 

9S75 

gatgatcatc ggcctactca tgaccatggg ttggcgttaa tccttcaaaa a 



<210> 4 
<211> 627 
<212> PRT 

<213> Corynebacteriiom glutamicum 



S:?°lor elu val Phe Ala Ala Thr Asp Thr La. He <=ly Arg Glu Val 

1 ^ 

Tier^ T*»vi Ala Lvs Asp Pro Asn Phe Arg 
Ala Val Lys Met Leu Arg He Asp Leu Aia i-ys /^f 

20 2^ 



Glu Arg Phe Arg Arg Glu Ala Gin Asn Ser Gly Arg Leu Ser His Ser 

35 40 . 

ser lie Val Ala Val Phe Asp Thr Gly Glu Val Asp Lys Asp Gly Thr 

50 55 
ser val Pro Tyr He Val Met Glu Arg Val Gin Gly Arg Asn Leu Arg 

65 '^^ 
Glu val val Thr Glu Asp Gly Val Phe Thr Pro Val Glu Ala Ala Asn 

85 

He Leu He Pro Val Cys Glu Ala Leu Gin Ala Ser His Asp Ala Gly 

100 -^^^ 
lie lie His Arg Asp Val Lys Pro Ala Asn He Met He Thr Asn Thr 
115 

Gly Gly val Lys Val Met Asp Phe Gly He Ala Arg Ala Val Asn Asp 

130 
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se. ser ^> Het T^^ ^ Ser .la Val Xle =ly "a «n 
145 

Tyx L,u ser .rc Glu Gin Al, Gly ^ro «p »r| Ser 

165 

^, r- tr=i Met Tvr Glu Leu Val Thr Gly Lys 
ASP lie Tyr. Ala Thr Gly Cys Val Met Tyr eJ-u 

180 

ov,« ala Val Ala Tyr Gin His Val 
Pro Pro Phe Glu Gly Glu Ser Pro Phe Ala Val Ai ^yr 

195 

GX„ Glu ASP .ro Thr Pro Pro Ser Asp Pn. He Ala Asp .eu Thr Pre 

210 215 

«•! «=i Val Leu Thr Ala Met Ala Lys 
Thr ser Ala Val Asn Val Asp Ala Val Val Leu Th ^40 
225 230 

His Pre Ala Asp Ar, Tyr Gin Thr Al. ser Glu Met Ala Ala Asp 
Gly AT, .en Ser Z Asn Al. V.1 |e| Bis Ala Ala Ar, Al. Bi, V.1 

Thr Glu Z Thr Pro Glu Glu Pro Glu Thr Ar, Phe Ser Thr 
Thr ser ^T^ Gin Val Al. Pro Al, Al. Gly val Al. Ala Ala Ser Thr 

1,^^ riv ser Arg Gly Leu Thr Ala 
Gly ser Gly Ser Ser Ser Arg Lys Arg Gly |er Arg y 

305 

Ala lie V.1 ..5 ser Leu Gly Val Val Gly v.1 Ala Gly Al. Phe 
Thr Tyr Asp Tyr Te Al. Asn Ser Ser Ser Thr Al. Thr Ser Al. He 

Pro Asn V.1 G^ Gly Leu Pro Gin Gin Glu Ala «u Thr Glu Leu Oln 

355 

„e Ala Gly Phe Val Val Asn He v.1 Glu Glu Al. Ser Ala Asp v.1 

370 , 
Al. Glu Gly Leu v.1 Tie Ar, Al. Asn Pro Ser v.1 Gly ser Glu lie 

385 390 

AT, Gin Gly Al. Thr v.1 Thr He Thr v.1 Ser Thr Gly Ar, Glu Het 

11. Asn H. pro «P Val Ser Gly Met Thr Leu Glu Asp Ala Al. Ar, 

420 

Ala Leu Glu Asp Val Gly Leu H. Leu Asn Cln Asn Val Ar, Glu Glu 
435 

Thr ser Asp Asp val Glu Ser Gly Leu V.1 He Asp Gin Asn Pro Glu 



450 "5 
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„a .1, Gin Olu val val Val 01, Ser S.r Val S,r L,u «>r Met S.r 
Z CX, T« Gl» ser Tie Val Pro Thr Gly Met «n Trp 

ser Gin Ala Glu Gin Asn Leu lie Ser Het Gly Phe «„ Pro Thr Ala 

500 

c.=^ riu Pro Glu Gly Glu Val Leu Ser Val Ser 
Ser Tyr Leu Asp Ser Ser Glu Pro faJ.u y= y 

515 

ser Gin Gly Thr Glu Leu Pro Lys Gly Ser Ser lie Thr val Glu val 

530 

-r-.^ riT, Ala Pro Asp Leu Ala Arg Met Ser Thr 
Ser Asn Gly Met Leu lie Gin Ala Pro HSf> 
545 550 

aia Glv Trp Thr Ala Pro Asp 

Glu Gin Ala He Ser Ala Leu Arg Ala Ala Gly Trp 

565 

Ti^ H4«! TKr Ala Ala Leu Val Asp 
Gin ser Leu He Val Gly Asp Ser lie His Thr Ala ax 

580 

Gin Aan .y| 11. =ly ^" |« ^" "° IS! 
.y, A,p "1 Gin val Gin Val Ar, Leu Phe Glu Ph. Asp Ala Ala 



610 

Leu Val Gin 
625 
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